Ch, 16: Random Variables

@A numeric value based on the outcome of an event

* We use capital letters to denote random variables

(like X, Y, Z)

* Example: tossing a coin 3 times and recording the number

of heads: X=0,1,23

* Example: # of children in a family:

X=0,1,23 ..
0©
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DISCRETE CONTINUOUS
Distribution/ | * Probability Model * Continuous.Djstrib.
Function X |1 | 213 |a |s

/A )loa | 03] 05]0.03]0.07=
* Probability histogram
P%=

L* Ex: normal distrib.,
uniform distrib.

)= 030
Properties *Sumupto1l * Area under curve = 1
of Distrib. = HA0 lOO
* All disjoint prob. *No |nd|V| ual
Add prob. to get probabilities!!
Px210
We will focus oy DISCRETE RandqmVariables in this chapter

Viean/Std. Deviation
VIEAN =

xpected Value = the value we would expect to get if we played the game many, many, many times. A

heoretical, long-run average,

‘ormula (howto findit):
¢ Xisa Discrete R.V. with the following distr.:
X | X1 | X2 | X3 | Xn

* Notation:

p(x)’ P(X1) ’ P(X2) |p(x3)...‘ P(Xn)

¢ Findthe mean (expected value) by doing the following:

Random Variables: 2 types

Discrete R.V. ‘k

YO .9

Continuous R.V.,

What is * Can list all outcomes | * Outcomes are in an
it? interval
* cannot list all

(0, a000)
Examples] * # of heads in 3 coin * # of hours a light
tosses bulb lasts
* # of children in a * Time to run a mile
family (343, 00 )
(w5, )
ample:

1) Let'splayagame! You paE $5 to play. \n the game, you get to draw one card from the deck.
¢ Ifyou draw the ace of hearts, you win $100

If you draw any other ace, you win $10

If you draw any other heart, you win $5

Any other card, you win nothing N
We are interested in the amount that @)
a) Create the probability distribution below:

X = values of the variable. The outcomes
P(X) =the probabilities of the values. Mustsumto 1,

@y 84595 [$0 |95 |
Voo | %l 1 2%l =1
b) Whatis the chance that you go home with at leastsome money?P(X> 0) "‘/59~

e P T gl

P(x20) =¥¥sa.

CALCULATOR:
e L1 =valuesofvariable (top row oftable)
e [2=_Probabilities of eachvalue (bottom row of table)
e STAT=> CALC=> 1-Var-StatsLl, L2
e Mean=X Std. Deviation=0



ample:
x| o | *+ | 2 | 3 | 4 | 5 |
(X) | 0.05 | 0.12 | 0.18 | 0.2 | 0.4 | 0.05 L

natis the mean (expected value) and std. deviation?

ample:Find the expected value (mean) and the std. deviation of the first game above.

Book examples: p. 383 7

% %,5:
% <
3> &Aq
Z—e =
Good

Ll%o E(X)=1.4

SD(X) = 0.611

nple: New game! Weare rolling a die. We are again interested inthe amount/zbd It costs $5 to play
«  Rolla6, youwin $10 GRIN
* Rollas, youwin $7
¢ Rolla3 or4, you win $5
* Rolla1or2, youwin nothing

ite the prob. distribution and find the expected value (mean) and standard deviation of the game:

@ 0 % W = 0.0 A wins
W C=014 Lwa W

o-'ao 6.3
0.2 w = 0 e \ll\,‘\lfd
o)
S 035 L =056 0wies LL
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nsforming Random Variables
» Wemaywant to alter a random variable (add, subtract, multiply, divide the variable)

» Wemaywant to combine it with another random variable

fandY dom variables Let “a” and “b” be fixed numbers
ILES Mx=10

Itiplication and addition of a variable:
MEAN: =t .
M axrbX O b M.X
) C P ) 6 = bq'x
VARIANCE: Q—i AD% b 0% Oty

(/1"7 REMINDER:
b OJ} Std. Deviation = «fvar iance
Y

EXAMPLES: MX= b‘z' O‘X’B-I

1) Randomvariable X has a mean of 6.2 and 3 standard deviation of 3.1.

Whe new n§anz\d£a nif we multiply by 3
Tax =3 @
b. Findthe new mean nd standard dubtract 10
Ahx-10 = 6.2-10 = 8

Tx-p =

c. Findthenewmean3

AN Sx +0o
O—SX‘HO = ()\S-'x /5.8

gsmRgard deviation if we multiply by 5 and add 10.

) Newgame! Asingle dice is rolled and the following occurs:
e Rollaé6, get40 points
* Rolla4 or5, get10 points
e Rollal, 2, or3, get0 points

. Write the probability distribution

] 40 (10 | O
@\ % % (%

. Findthe mean and standard deviation of the game

Me’ 0. Tp= H.Hzg

Suppose the points are doubled. Find the new meanand stan arddevnat\on

Mop=20¢6.  030=28.284 4.

. Supposedthe game is played twice (independently). Whatis the mean and standard deviation of this?

‘/{/LP*P = 2..0 (o.ts.
Torp =(14.042% + [H.142 = 20 pt.

. Suppose the mean SATverbalscore @425 with stan

REMINDER:
Std. Deviation = +/var iance
(XandY) 6=+o
Combining 2 or more variables together:

ax=3 9
MEAN: M\/\-\—\i = MX TA}\\i G‘f‘ﬂ'\ 16
N ‘MX‘MY
VARIANCE:

X Oy~ 0"\.‘
03«»\

2) Random vamable Y hasa mean of 3.4 and a standard deviation of 1. 4

_,(/{)( an and standard deviation of X +Y
'-Y

T 307<+y—(30+(w) "‘\l__‘yﬂ

b. Findthe mean godatgndard deviationof X —Y ‘

Mx-y=6:2-34= Qe -
o qy-m

ean and standard deviation of 2X + 3
Mhaxiag = 2ot 359
2 l T .
q_.z.x*gl:r!d the m(eaan§n£!>standard dev!atll.lg of 3?& .
Taxog {E-2) + 142

More examples:
1 Supposethé&{a randomvariable with 4, =10 and G, =2. Find the following:

a My D, Uy / G Msxs

d.0sx

. Suppose that Xis the randomgriable from above, and Jat ¥ is independent from Xwith 4; =15 and

Gy =3. Find the following:

a My C.Oyy

40y

d deviation 100, while the mean SAT math score is 475
with standard deviation 100. Whaf can be said about tthmean and standard deviation of the combined math

andverbalscore?



j
Book examples: p. 384(226 & 32 5}{,/25, 40
16) (a) by = 2.25 8 Bt ANy opexex = 1L25
(b) Ox = 1.26 W,d« \W{'\\S GX(‘Y\‘I’K* KEX = 5(\.1(;)
32) XX XXX 1—3—;25 GX+X+X+X+X=2-82 mi LK‘\*‘S
ighte

25) (a) p =30 (b)p=26 (c)u=30 (d) p=-10
c=6 o=5 c=5.39 c=5.39

(e)p=20 ©=2.83

@ D D+ D+ =tok Cost
D fhpepec = (00+100+(30 320

GTDPMJ =m= ‘ﬂ55

N (320,55)
9 P phak>Hum) -
- Ttrmede (190, €94, 520, 55)

@ MDJOO ® M D—r_

=430
OND @0_’0.{' ""'i%z*' ?)51
M= ¢[20
Ge= 435 #46.10
© Nosadd, N(—zo,%-lo)
P(D>C)

-t ~C

o(D-C >0) =mie(0re .1

B, J00  Mc=8120
0y -030  0c=83°

® Ay e = — RO
©® 05 -c = H6.098— ¥46 1O

© normedf(Q, 599,70, 46.(0)
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